Type II Diabetes (T2DM) dramatically impairs the tendon healing response, resulting in decreased collagen 2 6 organization and mechanics relative to non-diabetic tendons. Despite this burden, there remains a paucity of 2 7 information regarding the mechanisms that govern impaired healing of diabetic tendons.
The dramatic increase in type II diabetes mellitus (T2DM) as part of the obesity epidemic (1), is one of both the time of surgery (LFD: 33.2g ± 0.6; HFD: 41.5g ± 1.3, p<0.05), and the time of sacrifice (LFD: 32.6g ± 7 0 0.6; HFD: 39.6g ± 1.2, p<0.05) ( Figure 1A) . Fasting BG was measured in both groups prior to surgery to confirm metabolic dysfunction and T2DM in HFD 7 3 mice. BG was significantly increased in HFD mice, relative to LFD (LFD: 178.4 mg/dl ± 5.7; HFD: 200.2 7 4 mg/dl ± 7.3, p<0.05) ( Figure 1B) . The ability to respond to glucose loading was assessed in both groups by GTT, with BG levels assessed up to 7 7 120 minutes after a standard glucose load. BG levels were significantly higher in the HFD group relative to mg/dl ± 47.3, p<0.05) ( Figure 1C ). corresponding to greater flexion. The flexion angle showed substantial improvement at 28 days in the LFD 8 5 group (129% increase over day 10, p<0.001) ( Figure 2A ). In contrast the MTP flexion angle in HFD repairs was 8 6 not significantly improved relative to HFD day 10 repairs (31% increase, p>0.05). Moreover the flexion angle 8 7 in the HFD group was significantly lower than the LFD group at 28 days (LFD: 44.6°± 3.9; HFD: 31.7°± 2.3, 8 8 p<0.01) ( Figure 2A ). Gliding resistance was determined by measuring the changes in MTP flexion with incremental loading of the 9 1 tendon, with higher Gliding Resistance associated with increased scar formation. A decrease in Gliding Resistance was observed in both the LFD and HFD repairs between 10-28 days; however, Gliding Resistance 9 3 was significantly increased in HFD repairs, relative to LFD at 28 days (LFD: 18.9 ± 2.5; HFD: 30.4 ± 3.4, 9 4 p<0.05) ( Figure 2B ).
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Biomechanical properties are comprised in Obese/T2DM tendon repairs 9 6 Biomechanical testing was performed in both groups to determine the effects of T2DM on the mechanical 9 7 properties of healing tendons over time. The maximum load at failure increased from 10 to 28 days in both the 9 8 LFD (227% increase, p<0.0001) and HFD (125% increase, p<0.0001) ( Figure 3A ). At 28 days maximum load 9 9 at failure was significantly lower in the HFD group relative to repairs in the LFD group (LFD: 2.9 N ± 0.1; 0 0 HFD: 2.2 N ± 0.2, p<0.01) ( Figure 3A) . Tendon stiffness increased from 10 to 28 days in both LFD (215% 0 1 increase, p<0.001) and HFD (223% increase, p<0.01) ( Figure 3B ), however no differences in stiffness were 0 2 observed between HFD and LFD repairs at any time. Repairs from the HFD group had significantly lower yield 0 3 load at 28 days relative to LFD repairs (LFD: 2.7 N ± 0.1; HFD: 1.2 N ± 0.1, p<0.01) ( Figure 3C ). The energy 0 4 to maximum force increased at each time-point from 10 to 28 days in the LFD group, while no change occurred 0 5 in HFD repairs between 21 and 28 days. Energy to maximum force was significantly lower at 28 days in the 0 6 HFD group relative LFD (LFD: 0.9 N*mm ± 0.1; HFD: 0.5 N*mm ± 0.1, p<0.05) ( Figure 3D ). Adhesions formed between the tendon (outlined in yellow) and soft-tissue at day 14 days in both groups, which 1 2 were observed as a tight junction between tissue types (black arrowhead). However, LFD repairs demonstrated 1 3 some space between the tendon and soft-tissue below the repair at 14 days (black arrow), suggesting fewer 1 4 adhesions in this area. Substantial adhesions were present around the repair in the HFD group at 21 days (black 1 5 arrowhead), while some separation between tissues was present at 21 days (black arrows) in both HFD and LFD 1 6
repairs. By day 28, there was evident spacing both above and below the repair in LFD repairs (black arrows), while adhesions were still present in the HFD repairs (black arrowhead). phenotype (22), occurred on day 7 in LFD (2.47 ± 0.40), however, peak expression was delayed in HFD repairs 4 8 until day 21 (3.24 ± 0.45) ( Figure 6B ). CD86, an M1 marker (13), was significantly increased in the HFD group 4 9 at 14, and 21 days relative to LFD (Day 21-LFD: 1.54 ± 0.19; HFD: 4.10 ± 0.17, p<0.0001) ( Figure 6C ). to LFD, at 10, 14, and 21 days (Day 21-LFD: 0.09 ± 0.02, HFD: 0.72 ± 0.18, p<0.0001)( Figure 6D ). Fizz1 5 5
expression was significantly elevated in the HFD between 10-21 days, relative to LFD (Day 21-LFD: 19.17 ± 5 6 0.2, HFD: 61.67 ± 11.66, p<0.0001)( Figure 6E ). CD206 was expressed by resident tissue M2 macrophages 5 7 (23). Peak CD206 expression occurred at day 21 in both LFD and HFD repairs, however, a significant increase p<0.05. Additionally, CD206 levels remained elevated in HFD repairs at day 28, relative to LFD 6 0 (p<0.05)( Figure 6F ). CD163 was significantly increased in the HFD group between 3-21 days (Day 21-LFD: 2.47 ± 0.29, HFD: 6.07 ± 0.56, p<0.0001)( Figure 6G ). IL-1ra was significantly increased in HFD at 10, 14, 21, 6 2 and 28 days relative to LFD (Day 28-LFD: 0.53 ± 0.01, HFD: 1.97 ± 0.32, p<0.0001) ( Figure 6H ). To more specifically trace macrophage content in obese/ diabetic mice relative to lean controls, MaFIA mice 6 5
were placed on either HFD or LFD. Obesity and impaired glucose tolerance were confirmed by a significant 6 6 increase in body weight in HFD MaFIA, relative to LFD MaFIA (Supplemental Figure 1A) , and significantly 6 7 increased blood glucose levels during GTT (Supplemental Figure 1B) . To assess systemic macrophage levels, peripheral blood was isolated at immediately prior to surgery (Day 0) or MaFIA mice, relative to LFD MaFIA (+19.9%, p=0.0015) (Supplemental Figure 2B) . Localization of macrophages at the flexor tendon repair site was identified by GFP and F4/80 expression. A Type II diabetes alters baseline tendon function and impairs the normal tendon healing process.
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Clinically, diabetic tendons have decreased ROM and are more likely to re-tear or rupture following repair (24), diabetics, as such there is currently no therapeutic approach to improve outcomes in these patients. In the expression data suggest that obese/diabetic tendons may heal with exuberant matrix deposition and remodeling.
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However, future studies should also evaluate changes in Mmp activity and assess healing and gliding function 2 9 in diabetic repairs at later time-points to determine if the increase in Mmp expression may eventually restore 3 0 gliding function in obese/diabetic repairs. As macrophages play instrumental roles as both direct contributors and orchestrators of the that are observed long-term in HFD mice (5), it would be interesting to determine if healing is further impaired 7 7 in mice with long-term type II diabetes. In the present study we have demonstrated that a murine model of diet induced obesity and T2DM 8 0 results in excess and prolonged scar tissue formation, decreased strength, and an altered macrophage response.
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Taken together, these data suggest that altered macrophage polarization, specifically over abundant M2 activity 8 2 may lead to an excess matrix deposition phenotype in T2DM. This altered macrophage polarization may drive 8 3 prolonged scar formation and compromised biomechanical properties. As such, these studies identify pro-8 4 fibrotic macrophages as a potential target to improve healing in T2DM patients. ACG TAG ATG AAT TGG GAT GCA G GGG TTG GGG CAG TCT AGT G 
